Abstract Adequate muscular strength is required to perform daily activitiesand is considered a marker of overall health. The aim of this study was to identify sociodemographic and lifestyle factors associated with handgrip strength (HGS) in adults and the younger segment of the older population. A cross-sectional,population-based study was conducted with 705 individuals aged between 25 and 65 years in the city of Florianópolis, capital of the State of Santa Catarina, Brazil.HGS was assessed usinga manual hand dynamometer. Interviews were conducted with the participants to collect sociodemographic and lifestyle data.Multiple linear regressionwas performed to identify the predictors of HGS. The findings revealed that women and individuals from older age groups showed lower HGS, while being active during leisure time was associated with higher HGS.Interventions aimed at maintaining HGS levels in individuals should pay special consideration toaging and individuals who are physically inactive or insufficiently active during leisure time.
Introduction
Muscular strength is an important indicator of health for both sexes 1, 2 . An adequate level of muscular strength is necessary to ensure functional independence for undertaking daily work tasks and recreational activities and for physical performance 3 . Low levels of muscular strength have been associated with osteoporosis, metabolic syndrome, myocardial infarction, strokes, and cardiovascular mortality in adults of both sexes 1, 4 .
In addition to the above problems, other factors have been associated with low levels of handgrip strength, higher fall prevalence, functional dependency, prolonged hospital recovery period, decline in quality of life, and increased blood pressure and total cholesterol levels 2,5 .
Handgrip strength reaches its peak in our 40s, followed by a gradual decline in both sexes due to muscle atrophy in aging 6 . In addition to the curvilinear relationship between handgrip strength and age [6] [7] [8] [9] [10] , low levels of muscular strength have been shown to be associated with sociodemographic (sex and economic status) and lifestyle (reduction in daily sleep time, smoking and lower levels of physical activity) factors.
Several studies have sought to determine the relationship between low levels of handgrip strength and sociodemographic and lifestyle factors. However, the majority of research has been conducted in high and middle-income countries 4, 7, 8, 11, 12 largely concentrating on non representative samples of population 6, 12, 13 .
Another inherent limitation of previous studies 4, 7, 8, 11, 12 is the fact that they generally fail to consider temporal changes in levels of handgrip strength. One of the few studies to investigate temporal changes, conducted in Canada, showed that there was a 10% fall in levels of handgrip strength during the period 1981 to 2007-2008 11 . Changes in lifestyle and in the global disease burden observed over recent decades 14 suggest that the factors associated with muscle strength may have changed, meaning that it is important to determine whether the determinants of a given outcome have also changed.
Given the health effects of low levels of handgrip strength, further research is warranted to identify correlated factors and encourage health prevention and promotion initiatives to minimize future spending related to the treatment of this condition 15 . The present study differs from others 7, 9, 12, 16, 17 in that it investigates the concomitant relationship between sociodemographic and lifestyle factors and handgrip strength among adults. Other studies 7, 9, 12, 16, 17 have investigated these factors separately; however, it is not clear whether the associations observed would be maintained after adjusted analysis. Thus, the aim of this study was to identify the sociodemographic and lifestyle factors associated with handgrip strength among adults and the younger segment of the older population in a city in the south of Brazil.
Methods
This study derives from the third edition of the population-based cohort study EpiFloripa Adultos conducted in 2014/2015. The aim of the Epi-Floripa Adultos was to determine the prevalence of health problems and investigate health protection and risk factors among adults living in Florianópolis, the capital city of the State of Santa Catarina with a population of approximately 421,240 people. The population had a per capita income of R$1,770.20 and a municipal human development index, dependency ratio, and Gini index of 0.847, 41.6%, and0.547, respectively, in 2010 18 .
The first wave of the study took place between August 2009 and January 2010, involving the systematic sampling of 1,720 adults aged between 20 and 59 years, representing all the regions and socioeconomic conditions in the city. Further information about the methodology adopted during this stage of the study can be found in the literature 19, 20 .
Data collection for "EpiFloripa Adul-tos2014/2015" (third wave of the cohort) began in August 2014 and finished in June 2015. All individuals that participated in the study in 2009 were considered eligible. Individuals who were unable to remain in the positions necessary to perform anthropometric measurements or answer the questionnaire and those who had undergone amputations or were bedridden were considered ineligible.
The measurers/interviewees received prior training to ensure test and data standardization. Study participants were invited to take part in the study via telephone. In contrast to the previous waves of the study (2009 and 2012), where interviews were performed at the participant's home, in 2014/2015 the clinical assessments (test for flexibility and handgrip strength, densitometry, carotid ultrasound, pulse wave velocity, blood tests, body mass, height and blood pressure)were scheduled via telephone and conducted at the Federal University of Santa Catarina. In the last months of the data collection period, the interviews and anthropometric and blood pressure tests were conducted by trained interviewers at the homes of participants who were unable to attend the interview and clinical assessment sessions.
A total of 852 individuals participated in the third wave (49.5% of the original cohort), of which 705 presented complete information for the purposes of this study (82.7% of the interviewees in 2014/15). Power was calculated a posteriori based on this number, as well as the prevalence of the distinct exposure variables and outcome, based on a design effect of 1.2 and alpha level of 5%. The association between handgrip strength and sex, age, per capita income, sleep time, physical activity during leisure-time, and physical activity in the category getting around, at work, and at home showed >80% statistical power, while the association with smoking based on the combined results "up to 10 cigarettes and at least 11 cigarettes" showed 6.5% statistical power.
A SAMSUNG® Galaxy Tab 3 (Daegu, South Korea) was used to input and store data.
The dependent variable was handgrip strength, measured using a Saehan® hand dynamometer (Seoul, South Korea), which has 2 kg accuracy and shows concurrent validity with the Jamar® dynamometer (Lafayette, US) (r = 0.976) and intra-rater reliability (r=0.985) 21 . For each participant, the grip aperture of the dynamometer was adjusted so that it could be grasped between the fingers at the palm at the base of the thumb in order to exert pressure on the intermediate interphalangeal joint. For measurement, the individual should be in a standing position with the arm fully extended and straight beside the body so that it does not touch the body or any other object during the test. After a verbal command, the individual squeezes as hard as possible for five seconds. After checking the result, the same procedure is carried out with the other hand, allowing two attempts. The result is recorded in kilograms force (kgf), taking the sum of the best result for each hand to give total strength 22 . For the purposes of this study, handgrip strength was treated continuously.
The independent variables were sex (male, female), continuously collected age in full years, and per capita income used continuously.
The following health variables were also analyzed: daily smoking (never smoked, up to 10 cigarettes, at least 11 cigarettes, and ex-smoker); daily sleep time, which was analyzed continuously; the practice of leisure-time physical activity and physical activity in the category getting around, at work, and at home, using the Brazilian System of Surveillance of Risk and Protection Factors for Chronic Diseases telephone survey 23 . Being physically active during leisure time was taken as at least 30 minutes of moderately intensive activity during five or more days during the week or at least 20 minutes of intensive activity during at least three days of the week 24 . With respect to getting around, physically active was taken as at least 150 minutes of walking or cycling during the week to get around 24 . Very physically active at work was taken as walking a lot and lifting weight at work at least five times a week 24 . Physically active at home was considered strenuous cleaning at home at least once a week 24 . For each category, those who did not meet these criteria or did not undertake such activities were considered insufficiently physically active.
Descriptive and inferential statistics were drawn from the data, testing for normality of the data using median versus average comparison, skewness, kurtosis, and graphs. Per capita income was transformed because it showed a skewed (non symmetric) distribution, with logarithmic correction providing the best fit for the data. The continuous variables were described using mean and standard deviation.
The association between the correlated sociodemographic and lifestyle variables and handgrip strength was tested using multiple linear regression (continuous outcome), where results were expressed as regression coefficients (β) with a 95% confidence interval (CI95%).
The exposure variables were included in the adjusted linear regression models regardless of the p-value produced by the crude analysis. We tested the interactions between sex and age and between sex and age and the other variables. Data modeling was performed using the backward selection method adopting p < 0.05 as the criterion for permanence in the adjusted models. The significance level was set at 5%.
Comparison of various parameters (the coefficient of determination, regression coefficients, the Akaike and Bayesian information criterion, and/or likelihood ratio test) was used to test the final model(containing the variables associated with the outcome that obtained p < 0.05 in the adjusted analysis: sex; age; sex and age interaction; and physical activity during leisure-time) using a saturated model (including interactions with all the independent variables) and null model (without independent variables). These tests showed that the variables included in the final model were adjusted to each other and in relation to the outcome. The residuals of the final multiple linear regression model were tested for heteroscedasticity and normality. Multicollinearity of predictor variables was tested by calculating the variance inflation factor (VIF).
The analyses were performed using the Stata 12.0 statistical software package (Stata Corp, College Station, Texas, US) considering the sampling design and weights. For the sampling weights, the probability of selection of census tract used in 2009 was combined with the probability of location in 2014/15. These weights were recalculated considering the estimated population structure of adults in the municipality in 2012 (by sex and age group).
Results
The average age of the participants of the Epi-Floripa was 45.5 (±11.6) years, the majority of the sample were female, and per capita income was R$ 1,500 (data not shown in the table).
Information on handgrip strength was obtained from 705 individuals (82.7% of interviewees in 2014/15),the majority of which (57.4%) were female. Average age was 45.5 (± 11.3) years and monthly family income was $2,380 (± 2,411). Participants slept an average of 7.6 (± 1.6) hours a day. With respect to physical activity, 50.6% of the sample was inactive during leisure-time, approximately nine out of ten individuals were inactive or insufficiently active in th category getting around (86.3%), 42.8% were inactive at work, and 61.1% were inactive or insufficiently active at home (Table 1) .
Handgrip strength (measured in kgf) was lowest among women, individuals who smoked at least 11 cigarettes a day, individuals who were physically inactive during leisure-time, individuals who were insufficiently active in the category getting around, and individuals who were physically active at home ( Table 1 ).
The factors that showed an association with handgrip strength in the crude analysis were sex, age, per capita income, smoking, leisure-time physical activity, physical activity in the category getting around, and physical activity at home (Table 1) . Table 2 shows the coefficients of the adjusted analysis and final model including the factors that showed an association with handgrip strength. In the adjusted analysis, sex was associated with handgrip strength and age was inversely associated with handgrip strength, indicating that women and older people have lower handgrip strength values. Being active during leisure time was directly associated with strength. In contrast to the crude analysis, there was no association between per capita income, being an ex-smoker, being insufficiently active in the category getting around, and being active at home with handgrip strength in the adjusted analysis. The test for interactions between variables showed that the level of handgrip strength decreased with aging and that this association was more pronounced among men (Figure 1 ). The final model produced a coefficient of determination of 0.7068, indicating that approximately 71% of the variance in muscular strength was simultaneously associated with sex, age, sex/age interaction, and physical activity during leisure-time. The VIF (VIF = 1.02) showed that multicollinearity was not present in the final model ( Table 2 ).
Discussion
The findings reveal that women and individuals from older age groups showed lower handgrip strength. The results also show that there was an interaction between sex and age, indicating that the negative effect of age on muscular strength was more pronounced in men than in women. In addition, the findings show that being active during leisure time was associated with higher handgrip strength scores.
Various studies have reported similar findings in relation to lower handgrip strength among women 11, 12, 16, 25 . This can be explained by the fact that women have less muscular mass than men 25 , due to lower plasma levels of anabolic hormones such as testosterone, and differences in insulin-like growth factor-1 (IGF-1) and the growth hormone (GH) between men and women 26 . These factors are aggravated by the fact that women practice less physical activity in their leisure time than men, which directly affects handgrip strength 12, 27 . In the present study, prevalence of physical inactivity during leisure time was 50.4% among women and 44.2% in men (data not presented in the Tables/Figures) .
Aging was shown to be inversely associated with handgrip strength, corroborating the results of other studies 11, 12, 16, 25 . Possible explanations for lower levels of handgrip strength in older age groups include weakening of the skeletal muscles with aging and a decline in the quantity and qual-ity of muscle mass due to muscle wasting 6 . Furthermore, adults from older age groups tend to be more sedentary during leisure time than those from younger groups 7 . The present study shows that the prevalence of insufficient physical activity during leisure time was greater in the older age groups (data not shown in the Tables/Figures) .
Despite higher absolute and relative levels of handgrip strength among men 4, 6 , the findings show that the decline in levels of handgrip strength with aging was more pronounced in men. Aging leads to negative changes in the neuromuscular system, including a decrease in the activation capacity of motor units and skeletal muscle fibers, which is apparently more pronounced in men given the larger quantity of muscle mass in comparison to women 6 . Furthermore, the decrease in the production of testosterone in men leads to an increase in the concentration of fat mass and a reduction in lean mass, which may explain why the decrease in strength levels with aging is more pronounced in men 6 . The findings also show that being physically active during leisure time is associated with higher levels of handgrip strength, corroborating the results of other studies 7, 12 . The practice of physical activity produces body movements and mechanical loads, which in turn stimulates the skeletal muscle system, leading to an increase in muscle mass and higher levels of handgrip strength 27 . Thus, regular physical activity positively contributes towards higher levels of handgrip strength 27 .
Table1. Mean values and standard deviation of handgrip strength in relation to independent variables and simple linear regression analysis of the factors associated with handgrip strength among participants of the
No association was shown between handgrip strength and per capita income, sleep time/day, and smoking, which is contrary to the findings of another study that showed that low per capita income was associated with low levels of handgrip strength 9 . One explanation for the lack of association between low per capita income and grip strength shown by the present study is that people with lower incomes may have jobs that require greater physical effort, thus leading to the development of strength. The lack of association between handgrip strength and sleep time/day may be explained by the fact that the study did not investigate sleep deprivation, a factor that has been shown to be directly associated with handgripstrength 28 . In contrast to another study, no direct association was found between smoking and a decline in levels grip strength 8 by the present study. A possible explanation for this fact is that the statistical power of the study was too low to effectively test the association between these variables.
No association was found between handgrip strength hand physical activity in the category getting around. The use of instruments such as accelerometer to directly measure the intensity of specific physical activities could provide more accurate information for the category getting around, thus reducing response bias, which could be a possible explanation for the lack of association between this variable and handgrip strength in the present study. Likewise, no association was found between physical activity at work and physical activity at home and handgrip strength, which could be explained by the stratification of the sample in relation to number of times (volume) and duration of movements (intensity) undertaken at work or during domestic tasks, which are factors that are directly associated to levels ofstrength 27 . The instrument used to assess physical activity in these categories did not allow us to measure these aspects.
Another limitation of this study is the fact that cross-sectional studies are limited in their ability to determine causality and temporality; in this case of levels of muscular strength and the other variables under study. Furthermore, reverse causality, a common concern with cross-sectional studies, cannot be completely ruled out 29 . It is also important to highlight that the statistical power of the study may be too low to test the association between handgrip strength and some of the independent variables. Finally, the failure to use instruments that directly measure physical activity may also be viewed as a limitation.
By identifying groups that are susceptible to low muscular strength, an important indicator of overall health, the present study provides an important input to this field of research. Furthermore, the use of a single model to analyze sociodemographic and lifestyle factors means that this data may serve as a basis for comparison for future studies with this population group.
It can be concluded that being in older age groups and aging among men are factors associated with lower handgrip strength values, while being active during leisure time is associated with higher handgrip strength scores. 
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